TWIK-2, a member of the Two-Pore Domain K channel family, is expressed in a number of mammalian tissues including the vascular system. The function of TWIK-2 is not known. The purpose of this study was to clone the TWIK-2 channel from the rat middle cerebral artery, express it in CHO cells, and characterize the channel's electrical properties. In light of the fact that there are no specific TWIK-2 inhibitors or activators, a better characterization of the channel should enhance our understanding of its role in the vascular system. TWIK-2 was cloned from the rat middle cerebral artery and expressed with an N-terminal green fluorescence protein (GFP) in CHO cells. We report that rTWIK-2-GFP currents were relatively linear at physiological K 1 concentrations but become slightly inwardly rectifying in symmetrical K 1 . rTWIK-2-GFP was insensitive to 10 mM TEA, 3 mM 4-aminopyridine, and 10 lM glibenclamide. However, rTWIK-2-GFP was inhibited by Ba 21 with 50% of the current being blocked at 80 lM. rTWIK-2-GFP activity was enhanced 60% by 100 lM arachidonic acid. The electrophysiological characteristics of TWIK-2 indicate that it could serve an important role in ion homeostasis and regulation of the membrane potential in arteries and arterioles. Exp Biol Med
Introduction
A major role of potassium or K channels in the vascular system is to control blood flow by regulating the diameter of arteries and arterioles. When K channels open during normal physiological conditions, K þ moves along its electro-chemical gradient from the cytoplasmic space to the extracellular space. The loss of positive K ions hyperpolarizes the membrane. In vascular smooth muscle (VSM) this hyperpolarization closes voltage-dependent calcium channels, and decreases intracellular free Ca 2þ . Since cytoplasmic free Ca 2þ is a second messenger for VSM contraction, the net result of K channel activation is relaxation of VSM and vessel dilation. Conversely, when K channels close, intracellular free Ca 2þ increases as a result of voltage-dependent calcium channel activation and vessels constrict.
K channels from three families are expressed by VSM and serve to regulate the vascular tone (1) (2) (3) (4) (5) . These three families are characterized by the number of transmembrane spanning domains for each protein subunit. A family of two transmembrane spanning domains for each protein subunit includes inwardly rectifying and ATP-sensitive K channels. A second family having six or seven transmembrane spanning domains for each protein subunit includes the voltage-gated and Ca 2þ -activated K channels. Both of the above families have one pore domain, the site where K moves through the channel. Four subunits and, thus, four pore domains, are required to form a fully functioning K þ channel. The most recent family of K channels to be discovered is characterized by four transmembrane spanning domains and two pore domains for each protein subunit. Members of this latter family are coded by 15 genes (KCNK) and have been given the name Two-Pore Domain K channels (K 2P ). Unlike the other two families, only two protein subunits, each contributing two pore domains, are required to form a fully functional channel. Cerebral and peripheral arteries express a number of the K 2P and some of This work was supported by grants RO1 NS-46666 (RMB), PO1 NS-038660 (RMB), RO1 HL-088435 (SPM), grant 0665100Y from the American Heart Association (SPM), and a Predoctoral Fellowship 0815342F from the South Central Affiliate of the American Heart Association (KN). these have been shown to regulate vascular tone (6) (7) (8) (9) (10) (11) (12) [for review see (3) ].
One of the K 2P , TWIK-2 (Tandem of P domains in a Weak Inward rectifying K channel) is especially abundant in the vasculature (6, 7, 13) . To date, very little is known about TWIK-2 in general and virtually nothing is known about its function in the vasculature. There have been four published studies where TWIK-2 was cloned (13) (14) (15) (16) [note that one study (15) gave the name TOSS to the channel which is now commonly referred to as TWIK-2]; however, only two of these studies were able to demonstrate functional channels when heterologously expressed (13, 14) . When functional channels could not be demonstrated, it is likely that the channels were synthesized but not incorporated into the membrane (15, 16) .
In the first study showing functional channels, TWIK-2 was cloned from a human brain cDNA library and expressed in Xenopus oocytes (14) . In the second study showing functional channels, TWIK-2 was cloned from human brain and rat heart libraries and expressed in COS cells (13) . Of significance, there are a number of discrepancies in the electrophysiological properties for TWIK-2 as described by the two groups (13, 14) . The discrepancies include differences in rectification, inactivation, sensitivity to arachidonic acid, and sensitivity to Ba 2þ (13, 14) .
Given the existing discrepancies in the channel properties for TWIK-2, additional studies identifying their characteristics are warranted. The purpose of this study was to clone the TWIK-2 channel from the rat middle cerebral artery, express it in CHO cells, and characterize its electrical properties. In light of the fact that there are no specific inhibitors or activators, a better understanding of the channel characteristics should provide a better understanding of its role in the vascular system. A common strategy for studying other K 2P , which lack specific pharmacological tools, is to compare currents from the cloned channels to currents in native cells (17, 18) . Therefore, we also compared the channel characteristics of the cloned TWIK-2 to native channels in VSM of rat middle cerebral artery (6) with the idea of better determining the role for TWIK-2 in regulating K þ current and vascular tone.
Materials and Methods
Cloning and Expressing TWIK-2 from the Rat Middle Cerebral Artery. One male Long Evans rat was anesthetized with 3% isoflurane and decapitated. The brain was immediately removed from the skull and placed in chilled Ringer's solution. Both the left and right middle cerebral arteries (MCA) were carefully dissected, snap frozen in liquid nitrogen, and homogenized. Total RNA was extracted using a Qiagen Micro RNA Isolation Kit according to the manufacturer's instructions. Strands of RNA containing a poly-A sequence were purified and separated from the total RNA pool using an Oligotex mRNA Miniprep Kit (Qiagen). The mRNA was reverse transcribed using oligo dT primers (SuperScript III, Invitrogen). The cDNA was amplified by PCR (30 cycles) using Pfu DNA polymerase (Invitrogen) and primers for rat KCNK6 (TWIK-2) which spanned the coding region. The primers were as follows: (Forward) ATGCGGCGGGGC GCGCTCCTGGCT and (Reverse) GATCCTACCTGG GGATGGAGGCGTAATT.
The PCR products were separated using electrophoresis and visualized with ethidium bromide and UV illumination. The product showed a band at the predicted size for the TWIK-2 coding region (942 bp). This putative TWIK-2 band was gel purified and adenine was added to the 3' end of the cDNA (3'-A-tailed). The cDNA was TA cloned into the pGEM-T Easy Vector (Promega). The clone was sequenced and validated to be TWIK-2.
The coding region of TWIK-2 was subcloned into the donor vehicle pDNR (BD Biosciences). Through mediated recombination, the TWIK-2 coding region was transferred into one of two expression plasmids using the Creator Cloning Kit (BD Biosciences). One plasmid (pLP-CMV) used an untagged version of TWIK-2, and the other plasmid (pLP-AcGFP1-C) placed a green fluorescence protein (GFP) tag at the N-terminus of TWIK-2. Initially we attempted to conduct electrophysiological studies using the non-tagged rTWIK-2. However, we determined that in order to effectively select a cell for study, we needed to know that rTWIK-2 was expressed in that cell and that the channels were inserted into the plasma membrane. Hence, the GFP containing rTWIK-2 was used for recording currents.
In order to create stable cells lines we linearized the TWIK-2 construct with SpeI (New England Biolabs) and transfected it into CHO-K1 cells using Lipofectamine 2000. A single neomycin-resistant cell was grown into a colony and less than 10 passages were used for all experimentation. Endotoxin-free maxi preparations (Qiagen) were used to create a transfectable stock of plasmid DNA.
In order to validate cell surface expression, we separated the membrane fraction of TWIK-2 expressing cells from the cytoplasmic fraction using the EZ-Link sulfo-NHS-biotin Kit (Pierce). Briefly, the membrane fraction was isolated using a Zeba Desalt Spin Column (Pierce) after biotinylating surface proteins.
Western Blot. Cells were minced on ice and homogenized in buffer containing 1% SDS (Bio-Rad), and protease inhibitor cocktail (Complete Mini, Roche).
Samples were boiled for 15 min and centrifuged at 15,000 g for 15 min, and the supernatant was collected for protein analysis using the DC protein assay (Bio-Rad). Protein samples (5 lg/lane) were size fractionated by electrophoresis for 1 h using 90 V at room temperature with a 7.5% tris-glycine gel. Proteins were transferred to a PVDF Membrane. The blots were blocked with PBS containing 5% nonfat dry milk with 0.1% Tween 20 for 1 h at room temperature and subsequently probed with 10 lg/ml anti-TWIK-2 (Alomone) in blocking solution. Membranes were washed (3 3 20 min) in PBS and probed with goat anti-rabbit horseradish peroxidase-conjugated secondary antibody (1:10,000 dilution; Pierce) for 1 h at room temperature. Blots were incubated in chemiluminescent substrate (Pierce Femto kit) for 5 min at room temperature and exposed to film (Hyperfilm ECL, Amersham Biosciences).
Live Imaging of CHO Cells. Cells were imaged live to evaluate the expression pattern of rTWIK-2-GFP. Briefly cells were exposed to H33342 nuclear stain (Molecular Probes) at 378C for 20 min and placed on the stage of a Nikon TE2000-U microscope. The images were collected at a number of planes, which were 0.2 lm apart, using MetaVue Software (v 6.2r4, Molecular Devices, Downington, PA) and processed with a deconvolution algorithm (AutoDeblur þ AutoVisualize, v 9.3, Media Cybernetics, Inc., Bethesda, MD).
Electrophysiological Studies. CHO-K1 rTWIK-2-GFP expressing and non-expressing control cells were trypsin-digested and plated on #1 cover slips. The cover slips had been previously baked at 1808C for . 24 h and coated with poly-L-lysine. The cover slips containing the cells were incubated in culture media (F12 with 10% heatinactivated FBS) for 48 to 72 h. For electrophysiological studies, the cover slips containing the cells were placed in a chamber on the stage of an inverted microscope (Nikon TMS) and continually superfused with buffer. Whole cell currents from individual CHO cells were measured using an Axopatch 200B amplifier and pCLAMP 9.2 software (Axon Instruments, Union City, CA). Data were filtered at 2 kHz with a four-pole Bessel filter and stored on a hard disk. There was no compensation for cell capacitance, series resistance, or leak current. The liquid junction potential was calculated using pClamp and corrected. Currents are expressed as picoamperes (pA) or current density [pA/ membrane capacitance] to normalize for differences between cell membrane areas. The membrane capacitance (pF) of each cell was calculated with the pCLAMP software by dividing the charge produced during a pulse by the pulse voltage. Patch electrodes were pulled from glass tubing (catalog no. 2-000-210, Drummond Scientific) in two stages using a pipette puller (model PP-830, Narishige) and polished with a microforge (model MF-830, Narishige). Pipette resistances were 2-3 MX. The pipette buffer consisted of (in mM) 100 gluconate (K þ salt), 43 KCl, 1 MgCl 2 , 0.1 EGTA, and 10 HEPES; pH was adjusted to 7.2 with KOH. The bath buffer contained (mM) 137 NaCl, 5.6 KCl, 1 MgCl 2 , 0.1 CaCl 2 , 5 glucose, and 10 HEPES; pH was adjusted to 7.4 with NaOH. In one study, the K þ concentration was increased to 30 and 140 mM. In each case, Na þ concentration was reduced in an equimolar amount.
Whole cell currents were measured after rupturing the patch using negative pressure applied to the pipette. Cells were held at À70 mV prior to initiation of pulse or ramp protocols. For the pulse protocol, a family of currents was generated where Vm was shifted from the holding potential to À120 mV for 500 msec followed by progressive 10-mV steps (500 msec, 5-s interval) from À120 to 100 mV ( Fig.  2A ). For the ramp protocol Vm was changed to À120 mV and ramped to 100 mV over a period of 1 sec (Fig. 2B) .
Materials. Lipofectamine 2000, trypsin, F12 media, and FBS were obtained from Invitrogen. Poly-lysine, tetraethylammonium, 4-aminopyridine, glibenclamide, barium chloride, and arachidonic acid (sodium salt) were purchased from Sigma. Arachidonic acid was dissolved in ethanol.
Data Analysis and Statistical. Concentration effects of extracellular Ba 2þ on the rTWIK-2-GFP current were fit to a Hill equation: 
Results
Our cloned TWIK-2 showed 100% homology to the published rTWIK-2 [NCBI accession # NM_053806.1 (942 base pairs)]. Figure 1A shows CHO cells expressing rTWIK-2-GFP (green) at 24, 48, and 72 h after passage. rTWIK-2-GFP first appeared in a punctate pattern around the nuclei (blue) at 24 h and progressively moved towards the cell surface over time. Note that there were cells that did not express rTWIK-2-GFP as indicated by the H33342 nuclear dye (blue) not associated with surrounding green fluorescence. Figure 1B shows a Western blot, which was probed with an anti-TWIK-2 antibody, in non-expressing (control) and rTWIK-2-expressing CHO cells. Note the single band in the lane representing the rTWIK-2-expressing CHO cells which was absent in the non-expressing control cells. The band at approximately 35 kDa is in good agreement with the predicted size of the theoretical of 34 kDa for rat TWIK-2 [NP_446258.2 (313 amino acids) (NCBI database)]. Figure 1C shows Western blots for the membrane and lysate fractions of non-expressing control CHO cells (lanes 1 and 3) and rTWIK-2-GFP expressing CHO cells (lanes 2 and 4). Note the band shift when GFP was fused with TWIK-2 (Fig. 1C ) compared to rTWIK-2 alone (i.e., no GFP, Fig. 1B) . rTWIK-2-GFP was present in both the cell lysate and membrane fraction as would be predicted by protein distribution shown in Figure 1A (72 h) . The presence in the membrane fraction indicates that not only was rTWIK-2-GFP expressed in CHO cells but it is also inserted into the plasmalemma. The non-expressing control cells showed no band in either the membrane or lysate fraction.
Whole cell currents were measured in rTWIK-2-GFP expressing CHO cells. Having GFP fused to the rTWIK-2 was necessary for identifying cells where the channel was not only expressed but also identifying cells where it was inserted into the plasmalemma. Many cells that expressed rTWIK-2-GFP or rTWIK-2 did not insert the channel into the membrane. Figure 2A shows whole cell currents from a control cell (top) and an rTWIK-2-GFP CHO cell (bottom) using the pulse protocol (pictured in the insert). The current in the rTWIK-2-GFP expressing CHO cell was slightly inactivating at the more depolarized potentials. Figure 2B shows currents using a ramp protocol. For both the pulse and ramp protocols, currents in the rTWIK-2-GFP express-ing cells were greater than that in the controls. Figure 2C shows the mean data using the pulse protocol for 30 rTWIK-2-GFP expressing cells and 19 controls. Statistical analysis using the two-way repeated measures ANOVA shows that there is significant group difference between genotype (i.e., control and rTWIK-2-GFP expression) (P , 0.001) and a significant interaction between the genotype and membrane potential (mV, P , 0.001). The reversal potential for control and rTWIK-2-GFP expressing cells were À45 6 4 (n ¼ 19) and À78 6 1 (n ¼ 30), respectively (P , 0.001 using t test).
In a physiological K þ gradient (5.6 and 143 mM K þ extracellular and intracellular, respectively), the currents were near linear or very slightly outwardly rectifying (Figs. 2B, 2C, and 3A). When extracellular K þ was increased to 30 and 140 mM the currents in rTWIK-2-GFP expressing CHO cells shifted to the right and became slightly inwardly rectifying (Fig. 3A , n ¼ 5 for each K þ concentration). Note the reversal potential (the membrane potential where the current ¼ 0) shifted to more positive values as would be predicted for a K channel with an increasing concentration of extracellular K þ and constant intracellular K þ . Two-way repeated measures ANOVA reveals a significant effect due to extracellular K þ (P , 0.001, n ¼ 5 for each concentration of extracellular K þ ) and a significant interaction between extracellular K þ and membrane potential (mV, P , 0.001). Figure 3B shows a semi-log plot of the reversal potential as a function of extracellular K þ . Note that the experimentally determined reversal potential is close to the theoretical relationship (dashed line), which was calculated from the Nernst equation, for K þ as the current carrier. The linear equation describing the experimentally determined relationship between reversal potential and extracellular K þ is:
where K þ concentration in mM is [K] (P , 0.001 for constant, P , 0.001 for [K], and r 2 adjusted ¼ 78.8%). This compares favorably to the predicted equation if K þ is the sole current carrier:
Predicted Reversal Potential ¼ À73:9 þ :551½K
We determined the effects of TEA, 4-aminopyridine, and glibenclamide, inhibitors of Ca 2þ -activated, voltagegated, and ATP-sensitive K channels, respectively, on rTWIK-2-GFP currents. Figure 4 demonstrates that rTWIK-2-GFP was not inhibited by 10 mM TEA (panel A, P ¼ 0.249, n ¼ 6) or a cocktail containing 3 mM 4aminopyridine and 10 lM gilbenclamide (panel B, P ¼ 0.16, n ¼ 3). Figure 5A shows the effects of Ba 2þ on rTWIK-2-GFP current in an individual CHO cell. The summary data for the Ba 2þ effect is shown in Figure 5B . At a concentration of 10 lM Ba 2þ , no significant effect could be seen. However, at higher concentrations (100 and 1000 lM), Ba 2þ inhibited the rTWIK-2-GFP current. Two-way repeated measures AN-OVA revealed a significant effect due to Ba 2þ concentration (P , 0.001) and a significant interaction between Ba 2þ concentration and membrane potential (mV, P , 0.001, n ¼ 5 per group). Using the post-hoc Student-Newman-Keuls test, all groups were statistically different from one another (P , 0.001) with one exception. The Baseline, which did not receive Ba 2þ , and the group receiving 10 lM Ba 2þ did not show a statistically significant difference (P ¼ 0.133). At 0 mV, 1000 lM Ba 2þ inhibited current by 90 6 1%.
The effect of Ba 2þ on normalized currents (I Ba2þ / I Control ) at three potentials, À48, À36, and À24 mV, surrounding the physiological Vm are shown in Figure 6 . The mean experimental data (6 standard error of mean, n ¼ 5) is depicted by the symbols and the lines represent the best fit to Equation 1 (see Methods). Calculated concentrations to inhibit 50% of the current (IC 50 ) for À48, À36, and À24 mV were 77 6 7, 78 6 7, 82 6 7 lM (n ¼ 5), respectively. The Hill coefficients were 1.7 6 0.78, 3.9 6 0.04, and 3.6 6 0.27.
Activation of TWIK-2 by arachidonic acid may be responsible for dilations and increased VSM currents in the rat middle cerebral artery (6) . Therefore, we determined the effects of arachidonic acid on rTWIK-2-GFP currents. The effects of arachidonic acid (AA) on a single TWIK-2expressing CHO cell is shown in Figure 7A with the summary data in Figure 7B (n ¼ 4-6 ). Addition of 10 lM AA had no significant effect on currents; however, 100 lM AA increased rTWIK-2-GFP currents compared to the corresponding baseline current. Two-way repeated measures ANOVA showed a significant interaction between AA concentrations and membrane potential (mV, P , 0.001). The interaction between AA concentration and membrane potential allowed for individual comparisons using Student-Newman-Keuls. AA (100 lM) significantly increased rTWIK-2-GFP currents at the more positive potentials. At 48 mV the currents produced by 100 lM AA increased by 59 6 17% (n ¼ 4). AA had no effect on current in the nonexpressing cells at either 10 or 100 lM AA (data not shown).
Discussion
The discovery of the K 2P channel family is based on the fact that all known K channels share a pore forming region or P domain which is highly conserved across species (19) . A search of the human genome for DNA sequences coding for the P domain led to the first K 2P to be identified and cloned (20) . The channel was named TWIK-1, an acronym for Tandem of P domains in a Weak Inward rectifying K channel. Since the initial discovery, a total of 15 genes have been discovered and classified in order of discovery using the gene name KCNK (21). TWIK-2 was the sixth K 2P to be discovered and has been designated as KCNK6 (13) (14) (15) (16) . Of the K 2P family members, TWIK-2 is most closely related to TWIK-1 (KCNK1) and the non-functional protein coded by gene, KCNK7 (21). In the rat, TWIK-2 is expressed in lung, pancreas, placenta, kidney, spleen, heart, esophagus, stomach, colon, and other tissues (21) . A similar, but not identical, expression pattern was reported for the human (13) (14) (15) 22) . Of particular significance to this study, TWIK-2 is expressed in all arteries studied to date including aorta, middle cerebral, pulmonary, and mesenteric arteries (3, 6, 7, 13, 14) . Multi-cell RT-PCR and/or immunofluorescence studies have indicated that TWIK-2 is expressed in smooth muscle (6, 7) and possibly the endothelium (7) . We have found that a mouse cerebrovascular endothelial cell line (bEnd.3 from ATCC) expresses TWIK-2 message (unpublished observation).
Our long range goal is to determine the function of TWIK-2 in the vascular system. Since there are no selective inhibitors or activators for TWIK-2, we decided to clone TWIK-2 from the rat middle cerebral artery, characterize its channel properties, and determine if currents from the cloned channel resemble currents that we previously obtained from freshly isolated VSM cells from rat middle cerebral artery (6) .
One problem that we and others have encountered involved identifying cells in which TWIK-2 was inserted into the plasma membrane (15, 16) . In order to overcome this problem, we expressed GFP -rTWIK-2 in the CHO cells. Having the GFP marker allowed us to discriminate between cells that did not express TWIK-2, cells that expressed TWIK-2 but did not insert the channel into the membrane, and cells that expressed and inserted TWIK-2 in the plasma membrane. While the use of GFP -rTWIK-2 is a potential limitation of this study, it did provide unequivocal identification of those cells, used for whole cell recordings, where the rTWIK-2 was in the plasma membrane.
TWIK-2 currents, cloned from the rat middle cerebral artery (this study), showed properties that were both similar and different from previous studies (13, 14) . Our studies demonstrated that rat rTWIK-2-GFP currents were relatively linear in physiological K þ concentrations but become slightly inwardly rectifying in symmetrical K þ (Figs. 2  and 3 ). The currents were weakly inactivating at the more positive potentials ( Fig. 2A) . These results were similar, but not identical, to those previously published for rat and human TWIK-2 (13). Chavez et al. reported that human TWIK-2 expressed in oocytes were non-inactivating and inwardly rectifying at all concentrations of extracellular K þ (14) . rTWIK-2-GFP cloned from the rat middle cerebral artery was insensitive to 10 mM TEA, 3 mM 4-aminopyridine, and 10 lM glibenclamide ( Figs. 4A and B) . These results are consistent with other studies (13, 14) . TEA, glibenclamide, and 4-aminopyridine are inhibitors of Ca 2þactivated, ATP-sensitive, and voltage-gated K channels, respectively.
rTWIK-2-GFP was inhibited by Ba 2þ having an IC 50 near 80 lM ( Figs. 5 and 6 ). This inhibition by Ba 2þ was in good agreement with Patel et al. (13) who reported an IC 50 for Ba 2þ of 100 lM. In addition, Patel et al. reported that 10 lM arachidonic acid increased currents by 76% (13); Chavez reported that the same concentration of arachidonic acid had no effect on TWIK-2 (14) . Our studies showed that rTWIK-2-GFP could be activated by arachidonic acid but a concentration of 100 lM is required (Fig. 7) .
A major thrust of this study was to begin an investigation of the role for TWIK-2 in rat vascular smooth muscle. Therefore, we compared TWIK-2 currents from the cloned channel (this study) to native currents previously reported for rat middle cerebral artery VSM cells (6) . The currents in freshly isolated VSM can be characterized as outwardly rectifying. Almost all of the resting current in VSM was blocked with 10 mM TEA (6), a concentration that did not affect cloned rTWIK-2-GFP channels (Fig. 4A) . Thus, the contribution of TWIK-2 to the resting K þ currents would be either minimal or non-existent.
We previously showed that in the presence of 10 mM TEA, 10 lM arachidonic acid elicited large outwardly rectifying currents. This current was not blocked by 4aminopyridine, glibenclamide, or Ba 2þ (100 lM) (6). One possibility for the arachidonic acid-sensitive current was activation of TWIK-2 (6) . However, the present study casts doubts on this possibility. First, the arachidonic acidstimulated currents in VSM were outwardly rectifying (6) . Cloned rTWIK-2-GFP showed a linear current (Fig. 2) . Second, the arachidonic acid-sensitive current in VSM could be elicited by 10 lM arachidonic acid (6) . Cloned rTWIK-2-GFP currents required a ten-fold greater concentration of arachidonic acid (i.e., 100 lM) for activation ( Fig.  7) . And third, the arachidonic acid-sensitive currents in VSM were insensitive to 100 lM Ba 2þ . According to the Figure 6 . The effect of Ba 2þ on normalized currents (I Ba2þ /I Control ) (n ¼ 5) at three potentials near the normal physiological potential. The lines represent the best fit to Equation 1 (see Methods). The Hill coefficients were 1.7 6 0.78, 3.9 6 0.0.04, and 3.6 6 0.27 at À48, À36, and À24 mV, respectively. cloned channel, over 50% of the rTWIK-2-GFP current should have been blocked if arachidonic acid was activating TWIK-2 in VSM ( Figs. 5 and 6 ). These three lines of evidence indicate that TWIK-2 was not responsible for the arachidonic acid-sensitive currents in freshly isolated VSM from rat middle cerebral artery.
A comparison of currents from the cloned channel to native currents in freshly isolated VSM of the rat middle cerebral did not provide any clues as to the function of TWIK-2. However, it must be emphasized that the search for the functional role of TWIK-2 has only begun. There are two factors that are worth discussing in this context. First, it is possible that we have not looked at conditions in VSM where TWIK-2 is activated. With this scenario, TWIK-2 would be inactive until an appropriate response occurs in the VSM. This could be stimulation of a pathway that activates TWIK-2 or inhibition of a pathway which inhibits channel activity. Second, the studies of cloned TWIK-2 and native currents were conducted at room temperature. It is possible that TWIK-2-like currents would have been seen in VSM if the studies had been conducted at a temperature at or near the normal physiological temperature of 378C.
While we were unable to link TWIK-2 with a known function, we were able to narrow the search by ruling out some possibilities. Given that there are no selective activators or inhibitors for TWIK-2 at the present time, a good strategy for determining a functional role would be to knock the channel down with antisense or RNAi, or to generate a TWIK-2 knockout mouse.
